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 要  旨 
 グラフ上の様々な問題について研究が行われているが、一般のグラフについては NP 完全とな
ることが分かっている。しかし、そのような問題でも、ある特定のグラフ族においては多項式時
間で解ける場合があることが知られている。ならば、そのグラフ族に「近い」グラフにおいても
効率良く解ける可能性がある。そのようなグラフ族に「近い」グラフを表す方法として、辺や頂
点の増減をパラメータとして与えるパラメータ化グラフが考えられている。パラメータ化グラフ
との例として、あるグラフ族を F とした時、F に属するグラフに高々k 本の辺を追加または削除
して得られるグラフからなるグラフ族をそれぞれ F+keグラフ、F-keグラフという。 
 本研究では、パラメータ化グラフの頂点彩色問題を扱う。頂点彩色問題とは、与えられたグラ
フに対して、隣り合う頂点同士を異なる色になるように最小の色数でグラフの頂点を彩色する問
題である。頂点彩色問題は、一般的なグラフに対しては NP 完全であるが、二部グラフや比較可
能グラフ、splitグラフなどの特定のグラフ族においては多項式時間で頂点彩色問題を解くことが
できる。そして、これらのグラフに対して高々k 本の辺を加えたグラフである二部+ke グラフや
比較可能+ke グラフ、split+ke グラフなどのパラメータ化グラフに対する頂点彩色問題の計算複
雑さについて研究が行われている。 
 本研究では、頂点彩色問題を多項式時間で解くことができるグラフ族である置換グラフに対し
て辺を１本追加したグラフである置換+1e グラフに対する頂点彩色問題を解くアルゴリズムを提
案する。そして、この置換+1e グラフに対する頂点彩色問題を解くアルゴリズムの正当性を証明
し、そのアルゴリズムが計算時間 O(n2logn)時間で解くことができることを示した。 
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????+1e??????????????????????????
? 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??????? [2]???????+1e???????????????
???????????????????+1e???????????
????O(n2 log n)???????????????????????
??????????????
2 ??????????????????
2.1 ?????
????????????????????????????????
n?(1; 2; :::; n)?????????????? ((1); :::; (n))?????
?????????????? ????????????
V = f1; :::; ng;
2
(i; j) 2 E , (i  j)( 1(i)   1(j)) < 0
????? < ???()  ()?????????
???????????????????????????
????????????????????????????????
?? (1; :::; n)?????????????(1); (2); :::; (n)??????
????????????????????????????????
?????????????????????????????????
?????? permutation ????? 1 ? ((1); :::; (n)) = (4; 3; 5; 1; 2)
???????????????????????
?????????????????????????
?????????????????????????
? ?
?
?
?
? 1: ????? (?)???????? (?)
2.2 ???????????????????
??????????????????????? [5]???????
????????????? permutation????????????
[?????? P Col]
(???? 1) (1)???? 1?????
(???? 2) for i = 2 to n do
if ???????????? (i)?????????
then (i)?????????????????????? (i)???
?????????????????????????????
else ?????????????? (i)?????
(???? 3) ??????????????????
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?????? 1? ((1); :::; (n)) = (4; 3; 5; 1; 2)???????(1) = 4
????? 1???????????????(2) = 3??4?????
????? 1?????????????? 2????????????
????? (3) = 5????? 1????? 2???????????
????????????????? 1??????????????
????????????
??? 1 : 4,5
??? 2 : 3
??? 3 : 1,2
? 2: (4,3,5,1,2)??????????
?????? P Col??????????????????????
????????????????????????????????
???????????????????????????? 3????
?????????????O(n log n)????
2.3 ?????????????????????????
??????????? P Col?????????????????
??????????
?? 1. ??? i???? j(i < j)???????? i?????? a?
??? j????? b?????????????????b < a???
a  b?????
??. ?? a? b?????????????????????????
????? permutation???? b < a?? a  b?????a < b?
? b  a????????????????????????????
????????? a??? b?????a < b???b  a??????
????????? j??? b??????????????? b???
? j?????????? i???????? b(b > a)????????
?????????a???? i??????????????????
????????????????? 2
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?? 2. ??????????????? P Col??????????
????? i??????? s????????s????? 1????
???????? i  1?????????
??. ?? s???? i??????????????????????
??????? i 1???????????????? s???????
????s????????? i  1???????????? s???
????????? s???????? i  1????????????
?????????? i????????????????????? s
????? 1???????????????? i 1?????????
2
?? 3. ??? i???? a; b(a  b)??????????? j(j > i)?
??? c; d(c  d)????????????????? ad?? bc???
????????? ac?? bd??????
??. ? ad??????? d < a?? a  d?????????? bc?
??????? c < b?? b  c??????????????????
? c < d < a < b? permutation???? a  b  c  d????????
c < a?? a  c???? ac????????d < b?? b  d????
bd?????? 2
?? 4. ?? a???? i???????? j(j 6= i)?????????
? a?????????????? smax??????????? i??
a??????????? j?? smax???????????????
????????? j?????????? a????????????
?? smin??????????? i?? a??????????? j?
? smin??????????????????
??. ??? i?? a?????? b???? j?? smax?????? c
????????????????????????? 3?????? 3
???? ac???????????????????????????
??? c???????
??? i?? a?????? d???? j?? smin?????? e??
??????????????????????? 4?????? 3?
??? ae????????????????????????????
?? e??????? 2
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? 3: ?? 4? smax???? (j < i???)
? 4: ?? 4? smin???? (j < i???)
?? 5. ?? b; c(b  c)???? i??????????????? j(j 6=
i)??????? d? b; c??????????????? i????
b  a  c????????? a????? ad??????
??. j < i???? bd??????? b < d?? d  b????????
cd??????? c < d?? d  c????????a < d?? d  a??
d? a???????????i < j???? bd??????? d < b?
? b  d???????? cd??????? d < c?? c  d????
????d < a?? a  d?? d? a??????????? 2
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3 ??+1e??????????
3.1 ??+1e????????????
???????+1e????????????????????
????G = (V;E)??????? (u; v)(u < v)?????+1e??
????????G??????????????????????G0
?????? 1??????????G?????????? (G0???
?)+1????
????????+1e ?????????????????????
???????G? permutation?????????u????????
????????? u? v ????????????????????
????????????????
???????????????? P Col???????+1e???
???????????????????????+1e???????
?????????????
??:?????G0? permutation((1); :::; u; :::; v; :::; (n))?
?????? (u; v)
??:G????
3.2 ??+1e??????????????
??????+1e???????????????????????
[?????? P + 1e Col]
(???? 1) (1)?? v????????????P Col??????
??????
(???? 2) ?? u? v???????????????????? 7
??
(???? 3) ?? u? v??????? i??????????? i  1
???? i???????????????????? u? v?????
?????? i  1?? u?????????? i?? u???????
????????? 7??
(???? 4) ??? i???? i + 1???????????????
????? u???? i+ 1????????????????????
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i?? u?????????? i + 1?? u?????????????
??? 7??
(???? 5) ??? i?? v????????w(w  u)??????
? i??w????????????????? U ??????
????? U ????????????
(i) ???? U ???????????????? i?? w?????
???????????????? i+ 1????? U ???????
(ii) ?? i + 1????????????????????? i + 1??
?????????? P Col???????????????
(iii) (n)???????? P Col???????????????
(???? 6) ???? 5??U ???? (n)???????????
????????????
(???? 7) (n)???????? P Col????????????
???
(???? 8) ???????????????
3.3 ??????????
??????????? P + 1e Col???????????????
??A???????B????????????????????A
? (1)?? v??????????????????????????
???????? (a1; :::; as)??????????B? (1)?? v??
????????????????????????????????
(b1; :::; bt)???????s < t????as+1; :::; at??? 0????t < s
??????? bt+1; :::; bs??? 0????ak  bk(1  k  maxfs; tg)
???????(a1; :::; as)  (b1; :::; bt)???????????????
????????????????? P + 1e Col?? v???????
??????????
?? 1. ?? v?????????? 2???????????A,B??
?????????????????????????????a1; :::; as?
b1; ::::; bt????????????????????????????
????????la; lb????(a1; :::; as)  (b1; :::; bt)????????
la  lb?????
??. ??????B?????????? (n)??????????
?? bj(1  j  t)?????? j??????????Cj??????
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??Cj????????bj??????????bj??????????
?????????Cj??????????? aj???????aj???
?????????????????A???????? j? aj???
Cj?????????????la = lb?????? 2
??????????P +1e Col????? 2????? 3?????
4????? 5? 4???????????????P +1e Col????
??????
??????? 2? u? v?????????????????(1)?
? v????????? P Col??????????????????
?????????????????????
????????? P + 1e Col????? 3???? i   1????
i?????????????????u? v????????????
?????????
???? 3???? i  1???? i???????????????
???????????????????? i  1???? i?????
??????????????? u; v???????????????
P + 1e Col??????????????u? v??????????
????????????????????????????????
?????????????
?? v????????? i  1?????????? p???????
??? i  1?? p???????? a??????? v???????
?? i?????????? q?????????? i?? q?????
??? c?????? v???? i ?????????v???????
??? i  1????????????????????
?? 1. ??? i   1???? i??????????????????
??? i  1?? a????????? v??????????? i??
c????????? v???????????? ac??????
??. ?????? i   1???? i????????????????
????
(i)??? i  1?????? x(x  a)???? i?????? z(z  c)
???????????????? x???? i?????? y(y < q)
????????
(ii)??? i??????x0(x0  c)???? i 1?????? z0(z0  a)
????????????????x0???? i 1??????y0(y0 < p)
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????????
[(i)????]
? xy????????????????? 5???? xq??????
? q? v?????????????????? q? v????????
??????????????? xy???????
[(ii)????]
? x0y0????????????????? 5???? x0p?????
?? p? v?????????????????? p? v???????
???????????????? x0y0???????
????? a; c?????????? a????????? v???
??????a? v??????? i  1??????????????
?????????? c? v??????? i????????????
??????????a???? i?? c??????????????
??????? a???? i???? f(f  c)???????????
??c???????? i  1?? a????????????????
?????????? 3???? ac?????? 2
?? 2. ??? i  1???? i?????????????????p <
c?? q < a??????
??. ??????????????????c < p ??? a < q????
?????????????????????? i  1????????
?? b????
???c < p?????? i  1???? i?????????????
???????q < c < p < a < b?????? 1????? p? c??
????????????? c < p??????p  c?????? cp?
????????????????c  p?????????? i  1? p
??? a,b??????c  p  a  b???????? permutation?
??? c  a  b ????????????? c < a < b???????
ac?????????????????? 1???? ac???????
?????????p < c????
???a < q????????????????????????p <
a < q < c < v???????? permutation???? p  a  q  c  v
???????? permutation???? a  c  v??????????
??? a < c < v??????? ac????????????????
?? 1???? ac????????????????q < a????
???????? i  1???? i?????????????????
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p < c?? q < a?????? 2
?? 2. ??? i  1???? i?????????????????u?
v?????????????????????????? u? v???
???????????????
??. ?? 1?????? i   1?? a???????????? i??
c??????????v?????????v???????????
?????????????????????????????????
????? 2???p < c?? q < a????????????????
?? i  1???????? i???????????????????
???????????????????????????? 2
?????? P + 1e Col????? 4???? i???? i + 1??
?????????????????? i+ 1?? u?????????
??????? u???? i+ 1??????????????????
?????????????????????????? P + 1e Col?
???? 3????????????????????????
??????????P +1e Col????? 4???? i???? i+1
??????????????????? i+1?? u????????
???????????? 5???? i???? i+ 1????????
?????????? u???? i+1???????????????
?????????????????????
???u? v????????????????u??? v?????
?????????????????v???? i??????????
??????????????????????v???? i?????
????????????????????? v????? 1?????
??????????????? i  1???????????????
?????????????? ?????? ??????permutation
????? i??????????????????????????
????????????????????????? 1,...,??? i?
???????????? 1????? i?????????????
?????????? i0(1  i0  i)???? ???????? i0??
????????????????????????????? ???
????????????????????????????????
?????????????? 1????? i  1??????????
???? ????????????????D????
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?? 3. ???????????????????? c1; :::; cs?????
???D?????D??????????????????????
????????????????d1; :::; dt????????(c1; :::; cs) 
(d1; :::; dt)?????
??. ????D???????? p????????????????
???D???????????????D???????????
?????????????????????? p+1????????
? a?????? a????? 1????????????? ????
?? ?????????? a??????????D????????
?????? a????????? p+2??????????????
p+ 1??????????? a???????????D??????
?????????? p+2????????????????????
?????p???????????D?????????D????
???????????? P Col ?????????????????
??????????p???????????D?????????
??????????????
???D????????????????????????
???D???????? p????????????D?????
??????????????????????????D?????
???????????????D????????????????
????????????????D???????????????
????????????????????????????D???
????? p???????????????????????D??
????????????? q(1  q  p)????????? b????
?? b?????????????????? q 1??????????
??????b??????????????? q???????????
D??????????????????? q???????? b???
???????????????????????(c1; :::; cs)  (d1; :::; dt)
?????? 2
???????????????????? u? v?????????
??????u??? v???? i?????????????????
?????????v???? i???????????? u???? i
???????????????????u??????u??????
?????????????????????????????????
????????u?????????? i?????????????
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?? i+ 1????????????????????????u???
??????? i?????????? i??????????????
????????????? i?????????? i+ 1??????
???????????????u?????????????????
??????????????????????? 1????????
???u?????????? i + 1???????????? i??
?????????????????????????? P + 1e Col?
???? 5??????????? u???????????????
????????????????????????????u????
?????? i+ 1????????????????????????
??????????????? u??????????? (?????
?)????????u?????????? i???????????
???????????????????????????? u???
?????????????
??? i?? v????????w(w  u)???????? i??w
????????????????????????????????
???????? i+ 1??????????????????????
???????????w? u???????????????????
???????????????????????
????u?????????????? i+ 1??????????
????????????? i???????????????????
??????????????????????????
???????? i?? w?????????????? u????
????????????????????????????????
???????? P + 1e Col????? 5????? 6???????
??????????????????
??????????? i  1???? i?????????????
????u? v????????????? i???? i + 1?????
????????????u??????????? i+ 1??????
??????u???? i+1????????????????????
?? 4. ??? i??????? x????? 1???????????
??????? i  1??????? ?????? x??? i????
??????????? ?????????????????? i??
??????????
??. ?? ???? i????? 1????????????????
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????????????? permutation????? i????????
???????? i??????? 2????????????????
?????????????????????? i??????????
??????????????? i??????????????? 2
?? 5. ?? u???????? i+ 1???????????????
? b??????? i+1????????? c???????? i???
????????????? a??????????? i?? u  x  a
????????? x? u?????????? i + 1?? b  y  c?
???????? y? u???????
??. ??? i?? u  f  a???? u?????????????
f(f 6= u)?????????????? i?? f  p  a??????
?? p???? i + 1?? b  q  c???????? q???????
????????????? 5???q???? i?? u  r  f ???
??? r??????????????? i?? f ????????? c
?????????????? i?? u?? f ????????? c??
????????????????????? f ??????????
?? i + 1?? b  f 0  c???? u????????????? f 0?
????????????????????????????? f 0??
????????????? 2
???u??? i + 1???????????????????? i?
??????????? 1??????????????? i  1???
????????????????????????????????
???????????????? V 0c ??? (? 5)??? u??? V 0c
?????????C????
????C??? i+ 1????????????????????C
????????????? i??????????????????
??C?????????? i+ 1?????????????????
??C??????????? i+1????????????????
?????? i??????????????????????????
C????????????????????????? i+1????
???????????? i????????????????????
? Vc????????C?????????????????????
????????????C ???????????????? j??
???????????????? g1; :::; gm???????? g1; :::; gm
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?Gc????????Gc?????????????V 0c ??????
?? j + 1??????????????? h1; :::; hl????????
h1; :::; hl?H ????C ???????????? i????????
???????????????????? i?????????? Uc
????
? 5: ?? i???????? V 0c
?? 3. gs < q(1  s  m)???q  gs?????? q(q 2 (Vc[C Gc))
??? s??????????????ht < r(1  t  l)???r  ht?
????? r(r 2 Vc [ (C  Gc) [H) ??? t???????????
??. gs < q(1  s  m)???q  gs?????? q????????
????????? q? Vc [ (C  Gc)????????????? j +1
????????????????q????????q???????
????????????? q???????????????????
????? q????????????? j ??? q????????
?????? q?????? gs???? j??????????????
gs?????????????????????? q???????
???????ht < r(1  t  l)???r  ht?????? r ???
?????????? 2
?????C??? i+ 1?????????????C  Gc [H?
?? i+1????????????????????????????
???????
?? 4. Vc [ (C  Gc) [H????Vc [ C??????? P Col???
????????????????????????????????
??????c1; :::; cs?d1; :::; dt????????(c1; :::; cs)  (d1; :::; dt)
?????
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??. Vc [ C??????? P Col????????????????
?????? k(1  k  t)??????????Wk?????? 3?
?? 1???Vc [ C?????Gc?W1??????????????
1??Gc?H??????????????????????????
???????? Vc [ (C  Gc)[H????????????????
??????????????????hl < gm???????????
??????????? (c1; :::; cs)  (d1; :::; dt)?????
??????? 1??Gc?H?????????? 1???????
???????????Gc?H???????????hl??????
gm?hl??????????????????hl?????Gc? gm?
????? j???? gx????????gm?????H?hl????
??hy?????????? 3??hl? gm?????????????
??????????????gm? hl????????????????
hl < gm?? gm  hl????h1 < hl < gm???????? h1????
??????????? h1?????Gc?????g1?????H?
???????? 3???h1? g1??????????????h1 < g1
?? g1  h1????g1  h1  hl?????????? permutation?
?? gm??????????????????????
[(i) g1  gm  h1  hl???]
Vc [ C????????????????????????????
???? Vc [ (C  Gc)???????????
h1 < g1???Gc?????????? h1?????????????
???? permutation??? g1?? h1???????Gc??????
??????? 1???????? g1?????? Vc [ (C  Gc)???
?????????????? 3??? permutation??? h1????
h1?????????? Vc [ (C   Gc) [ H ????????????
?????? permutation?????g1?? h1????? Vc [ (C  Gc)
??????????? 1???????
???hl < gm???H??????????? gm????????
????????? permutation??? gm?? hl?????????
? 1???????? gm?????? Vc [ (C  Gc)????????
????????? 3??? permutation??? hl???? hl????
?????? Vc [ (C  Gc) [H??????????????????
permutation?????gm?? hl????? Vc [ (C  Gc)??????
????? 1?????????????Vc [ C??????????
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???????? Vc [ (C   Gc)???? g1???? hl???????
????????
[(ii)g1  h1  gm  hl???]
Vc [ C???????????????????Vc [ C??????
??????????????????????
Vc[C????? (i)???????permutation??? g1??h1? gm
?? hl??????? Vc [ (C Gc)????????????????
??
Permutation??? h1?? gm????????????????? 1
? Vc [ (C  Gc)??????????????Gc??????????
H ??????????????????????Gc?H ?????
??????????????????????????? permutation
??? h1?? gm?????????? 1??? Vc [ (C  Gc)????
??? f????????????? 3????? f?? permutation?
????f ??????H????????????????????
???? Permutation?????f ?????H??????????
??????????? f? f??????H????????? hz?
?????????????????hz?????Gc????????
?? gz0?????hz < gz0?? gz0  hz????????f ? hz???
?????? f < hz < gz0?? gz0  hz  f ????gz0? f ?????
????????? 1????????? f ?????????????
?? f ? f ????????H??????????????????
?????????h1?? gm?????? 1??? Vc [ (C   Gc)??
??????Gc?H????????????????????
?????Vc[C??????????????????Vc[C???
?????? g1????hl????????????? (i)?(ii)?Vc[C
???????????????? g1????????? h1?????
? h1???????gm??????????? hl??????????
???? gm???????? hl??????????????????
??????????? 2
?? 6. C??? i+ 1??????????????????????
??????????? f1; :::; ft????Uc??? i+1???????
?????????????????????????? e1; :::; es??
??????(e1; :::; es)  (f1; :::; ft)?????
??. (C Gc)[H??? i+1???????????????????
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?????????????? c1; :::; cr????????c1; :::; ci?f1; :::; fi
???????? ?????? 3?????? 1????? i????
???????????????????(c1; :::; ci)  (f1; :::; fi)???
???????? 4????? i+ 1????????????????
????????? 4?? (ci+1; :::; cr)  (fi+1; :::; ft)??????C ?
(C Gc)[H????????Gc?H??????4?????????
(C  Gc)[H?Uc??????????????(e1; :::; es)  (f1; :::; ft)
?????? 2
?????u?????? i??????U ??? i+ 1??????
??????????????????????????????? U
????????????
U ??????????? i+1?????????????????
??????????????????U ?????????????
????? i+1??????????????????????U??
??????? Va??????? i+ 1?? Va???????????
? T ??? (? 6)?
Va?????? S????U ??? i+ 1????????????S
???? i???????????????U?????????? 1?
?????????????? i  1???????????????U
??? i+ 1??????????S?????????? i?????
?????????????????????????? i  1????
????S??????????? i?????????U??????
????? i+ 1?????????????????????? 2??
?? S????????????????????????U ????
???????? 1????????????????????????
?????? 2????S???????????????? i????
????????????????? i+ 1?????????????
????????????? S??????????????????
????? i???? S?????????????????????
?????????????
???? S??????????????????????????
P ????P ????????????????? k????Va???
??????? k  1????P ??????????????????
Q????
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? 6: ?? i????????
?? 5. U??? i+1??????????(S P )[Q??? i????
????????????????????????????? c1; :::; cs
????U ??? i+ 1??????????S??? i???????
?????????????????????????? d1; :::; dt??
??????(c1; :::; cs)  (d1; :::; dt)?????
??. ???U??? i+1??????????S??? (S P )[Q?
?? i??????????????? i??????????????
????????? i+ 1???????????????S??? i?
????????????????????S????????????
1??????????????????? i??????????? S
??????????????????? i  1??????????S
??????????? i?????????(S   P )[Q??????
?????S? (S   P ) [Q???? P ????Q?????????
????(S   P ) [Q???? i?????????Q????????
????? i?? U ???????????????????????
?? i?????????????????????????? P ??
????????????????????? b(b 2 P )??? c(c 2 Q)
??? Va????? i+ 1????? k????? k   i?????? 
?????????????? ????????????? i+ 1??
?????????????? b????S???? i????U ???
i+ 1??????????????? i+ 1???????????? 
????????????? ????????? c?????????
(S   P ) [ Q???? i????U ??? i + 1???????????
???? i+ 1???????????? ????????? b???
??????????????  ?????????????????
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???????S???? i??????? (S   P ) [Q???? i??
?????????P ??????????Q???????????
? Va????? i+ 1????? k????? k  i?????????
???Q?????????????P ??????????????
??????????b < c??????(c1; :::; cs)  (d1; :::; dt)???
??? 2
?? 7. U??? i+1????????????? i+1??Va????
???????T ??? i?????????????????????
????????????? e1; :::; es????U ??? i+ 1?????
?????S??? i???????????????????????
??????????? f1; :::; ft????????(e1; :::; es)  (f1; :::; ft)
?????
??. U??? i+1??????????(S P )[Q??? i?????
????????????????????????????? c1; :::; cr
?????????? 5???(c1; :::; cr)  (f1; :::; ft)??????S?
(S P )[Q????????P ?Q?????? 5?????????
(S   P ) [ Q? T ??????????????(e1; :::; es)  (f1; :::; ft)
?????? 2
?????C??????????? i+1????????????
?????C?????????????????????
?? 8. C??????????? i+ 1??????????????
??C?????????????????????C???????
??? i+1???????????????????????????
?????? d1; :::; dt????Uc?????????? i + 1????
????????????????????????????? c1; :::; cs
????????(c1; :::; cs)  (d1; :::; dt)?????
??. C?????????? i+1?????????????? i+1
?????????????? i????????????????M
????C????????M ??????????????????
i?????????????????????????????? ?
????????? ???C ??????????????????
p?????? ???p???????????p?????????
q?????????? ???M ????????????????
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x????x???????????x????????? y?????
? 5??????x???????M ??? i???????????
???(M   fxg)[ fyg??? i??????????????????
?????????????????? y? x???????????
??M ???????????????????????? 4???
???C ??? i + 1??????????????(C   fpg) [ fqg?
?? i+1????????????????????????????
???????? q? p??????????? ?? C ??????
?????????????
?????????????C?M???????????????
???????????????6???????(c1; :::; cs)  (d1; :::; dt)
?????? 2
??????? i+ 1?????????? u???????????
i???????????????????????????????
?????u???????U ?????????????? 8???
u??????????? i????????????????????
????????????????????????????????
????????????????????????????????
??????????????????????? i?????????
??? v????????w(w  u)????????????????
??X????X? u?w????????? Y ????????Y ?
?? i+ 1?????????????X??? i+ 1????????
?????????????????????????????
?????????X ??? i + 1????????????? Y ?
?? i+ 1????????????????????????????
??????????????????
X??? i+ 1??????????????Y ??? i+ 1????
??????????????????????????X?????
?????????????? i?? w??????????????
? i+ 1??????? F ????
?? 6. Y ??????????????????? i??w?????
????????? i+ 1??????? F ?????
??. ???? F ??w???X?????????????????
w??????????????? i+ 1??????????????
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? 5?? F ??????????w??????????Y ?????
????w??????????????Y ?????????????
?????? i??w?????????????? i+ 1??????
? F ????? 2
?? 9. X?????????? i+ 1???????????????
?????????????????? c1; :::; cs????Y ?????
????? i+1?????????????????????????
???????? d1; :::; dt????????(c1; :::; cs)  (d1; :::; dt)??
???
??. ?? 7???X(??? Y )???? i + 1????X(??? Y )?
????????????w????????????????? i+ 1
???????? i?????????????????? i+ 1?? F
????????X???????????????F ???????
?????????????????? 6?? Y ??????????
? i+ 1?????????????
Y ???? i+1???????????X????????Y ???
???????? i????? z????Y ?????????????
w????????????????? i+ 1??????? z????
??????????? i?????????? i??????????
??????z????????????????????z??? i+1
???????????????????????z??? i?????
??????????z????? 1?????????????????
??????????????????????z??? i??????
??????? i+1??????? z????????????X??
????????? i + 1???????????????? i + 1??
????????????????????????????????
? (c1; :::; cs)  (d1; :::; dt)??????? 2
?????u??? i+ 1????????????????????
???????????????????????
???u??? i?????????????????????? u?
???? i????????????? V 0c0 ??? (? 7)??? u???
V 0c0?????????C 0????
C 0?????????????? 1????????????????
????C 0?????????? i????????????????
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???C 0??????????? i????????????????
?????? i??????????????????????????
C 0???? 1???????????????????????C 0??
?????????????? j0??????????P 0????P 0?
????????????V 0c0???????? j0  1???????Q0
????????C 0???????????? i??????????
?????????? i????????????????????Uc0
????
? 7: ?? i???????? V 0c0
?? 7. (C 0   P 0) [Q0??? i??????????????????
??????????????? c1; :::; cs????C 0??? i????
????????????????????????????? d1; :::; dt
????????(c1; :::; cs)  (d1; :::; dt)?????
??. ?? ?????? 3???C 0??? (C 0   P 0)[Q0??? i??
????????????? i???????????????????
???? i+ 1??????????????
C 0? (C 0   P 0) [ Q0???? P 0????Q0???????????
??Q0???????????????? j0   1??????????
?? P 0??????????????????? i????? j0???
?????????? b(b 2 P 0)??? c(c 2 Q0)????? j0   i   1
??? ?????????????? ????????????? i
????????????? b????C 0??? i?????????
????? i???????????? ????????? c????
(C 0   P 0) [Q0??? i?????????????? i???????
?????  ????????? b???????????C 0??? i
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????????????? (C 0  P 0)[Q0??? i?????????
??????????? i????? j0???????????P 0??
????????Q0?????????????? j0   i   1????
????????Q0?????????????? P 0???????
????????????????????????????????
?????????????b < c??????(c1; :::; cs)  (d1; :::; dt)?
??????????? 2
?? 10. C 0??? i???????????????????????
?????????? f1; :::; ft????Uc0 ??? i?????????
???????????????????????? e1; :::; es?????
???(e1; :::; es)  (f1; :::; ft)?????
??. (C 0   P 0) [ Q0 ??? i??????????????????
??????????????? c1; :::; cr?????????? 7???
(c1; :::; cr)  (f1; :::; ft)??????C 0? (C 0   P 0) [Q0???????
? P 0?Q0?????? 7????????? (C 0   P 0)[Q0?Uc0??
????????????(e1; :::; es)  (f1; :::; ft)?????? 2
?????u?????? i??????U 0??? i????????
?????????????????????????????U 0??
??????????U 0???????????? 1????????
?????????????????? ?????U 0???????
? Vb???????? i  1?? Vb???????????? T 0???
(? 8)?Vb??????? S 0????
????S 0??? i??????????????????????
i???????????????? i???????????????
?????? Vd????????S 0????????????????
?????????????????S 0??????????????
?? k0?????????????????? g01; :::; g0m0???????
? g01; :::; g0m0?G0c????????G0c?????????????Vb?
??????? k0+1??????????????? h01; :::; h0l0????
???? h01; :::; h0l0?H 0????
????? S 0??? i????????????? (S 0   G0c) [H 0?
?? i??????????????????????????????
?????
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? 8: ?? i???????? Vb
?? 8. Vd [ (S 0  G0c) [H 0????Vd [ S 0??????? P Col??
????????????????????????????????
????c1; :::; cs?d1; :::; dt????????(c1; :::; cs)  (d1; :::; dt)??
???
??. ?? 4??????? (c1; :::; cs)  (d1; :::; dt)?????????
???
?? 11. U 0??? i????????????S 0??? i??????
??????????????????????????? f1; :::; ft?
???U 0??? i????????????T 0??? i???????
?????????????????????????? e1; :::; es??
??????(e1; :::; es)  (f1; :::; ft)?????
??. ?? 6??????? (e1; :::; es)  (f1; :::; ft)?????????
???
????C 0????? 1??????????????C 0?????
????????????????
?? 12. C 0???????????? 1?????????????C 0
?????????????????????C 0??????????
i????????????????????????????????
? d1; :::; dt????Uc0?????????? i???????????
?????????????????????? c1; :::; cs??????
??(c1; :::; cs)  (d1; :::; dt)?????
??. C 0?????????? i?????????????? i??
???????????? i????????????????M ??
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??C 0????????M ?????????????????? i?
????????????????????????????? ??
???????? ???C 0?????????????????? p
?????? ?? p???????????p????????? q?
????????? ???M ???????????????? x?x
???????????x????????? y?????????? 8
??????M ?????????? i??????????????
(M   fxg)[ fyg??? i?????????????????????
??????????????? y? x??????????? ??M
???????????????????????? 7??????C 0
??? i??????????????(C 0   fpg) [ fqg??? i???
????????????????????????????????
? q? p??????????? ??C 0?????????????
??????
??????????????C 0?M???????????????
???????????????10???????(c1; :::; cs)  (d1; :::; dt)
?????? 2
???????? u?????????? i????????????
????? i?? u???????? i???????????????
????u?????????? i????????????????
i+ 1??????????????????
?? 13. ??? i?? v???????? w(w  u)??????? i
??w??????????????????Ua??????? i??
u? w??? Ua?????????? Ub????Ua??? i + 1??
????????????????????????????????
?????? c1; :::; cs????Ub??? i?????????????
??????????????????????????? d1; :::; dt?
???????(c1; :::; cs)  (d1; :::; dt)?????
??. ?? 7???Ua??? i+ 1?????????????????
????Ua???? i+ 1????Ua?????????????w?
????? i??????????????? i+ 1?????? T ??
?? i ???????????????
?? 11???Ub??? i?????????????????????
Ub???? i  1????Ub??????????????? i  1??
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???? T 0???? i???????????????
?? ?????? 3??????????????????? i??
?????????????????????(c1; :::; ci)  (d1; :::; di)?
??????????? i+1?????????????????Ub?
?? i???????????????????????? T 0????
??????????? i?? w????????? Sp????T 0?
?????????? i???????? i?????????????
Sp??? i+ 1?????????????Ua??? i+ 1??????
??????????????w??????w???????? i??
?? x(2 Sp)????????? i+ 1???????R???????
?Ua???? i+1???????? i+1??R??????????
????????????R??? i+ 2???????????
????Ua??? i + 1????????????? Ub??? i??
?????????????????Ub??? i??????????
??? x?????R????????? y??????? i + 2???
????????????????? i + 1?????????????
Ua??? i+1??????????????w?????y??????
? i + 2???????????????????? i + 1??????
??? (? 9;? 10;? 11)?????????????? i+2?????
????????????????????????????????
???????? i+1???????????x?w?w??????
???(ci+1; :::; cs)  (di+1; :::; dt)?????? 2
? 9: ????? (??)
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? 10: ????? (Ub??)
? 11: ????? (Ua??)
?????u?????????? i+ 1?????????????
???????????????????????
??????P +1e Col????? 4???? i???? i+1???
????????????????? i+ 1?? u??????????
????????? i + 1??? u?????????????????
??? i+ 1?? u???????????????????u????
?? i+ 1????????????????????????????
?????????????? i+ 1??? u????????????
??????? permutation???????? i+1?????????
??? u??????? i?? u????????????????? i
?? u?????????? i+ 1??????????????? i?
?????? w(u  w < v)???????????????????
i+ 1???????? i+ 1????????????????????
??????? i?? u? u???????????????? u??
???? i+ 1??????????????????????????
??????????P +1e Col????? 4???? i+1?? u??
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??????????????u?????? i+ 1?????????
???????????????
??????????? P + 1e Col????????????
?????????? P + 1e Col????????????????
??P +1e Col????? 5,???? 6?U??????????O(n)
?????U????? permutation??????????O(n log n)?
?????????????P +1e Col??????O(n2 log n)????
????????????????P +1e Col?????O(n2 log n)
????????????????????????????????
?????????????????????????????????
?? P + 1e Col????? 5? (ii)????????????????
????????????????????????????????
???????????????
(??)??? i?? u?? v ??????????????????
??? i + 1??????????????????????????
? 12???????? i???? x(u  x < v)????? i????
y(x  y < v)????????????????????????U??
?????U ????????????????x?????x????
? y????????? x????????????????????
??????????????????????y??????????
? i+ 1????????????????????x?? y?????
???? i + 1??????????????????????????
x?? y????????????????????????????
? 12: ??? i???????????
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4 ????
???????+1e??????????????????O(n2 log n)
????????????????????????????????
?????????+1e?????????????????????
?????????????????????k  2??????+ke?
???????????????????????????????
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